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ABSTRACT

In culture, the tintinnid Favella ehrenbergii requires dinoflagellates as food. Of
the dinoflagellates tested, strain Gymno, Gonyaulax tamarensis, G. polyedra, and

Heterocapsa sp. are good foods and Prorocentrum mariaelebouriae is a poor food.

Amphidinium carterae, which produces choline-like substances, is not eaten.

Favella recognizes dinoflagellates with very different sizes and morphologies
as prey. In mixtures of dinoflagellates and non-dinoflagellates, Favella selectively

preys on dinoflagellates. Cryptophytes, haptophytes, chrysophytes, diatoms, pra-

sinophytes, and chlorophytes of suitable size are consumed in small amounts, if

at all.

INTRODUCTION

Tintinnids (ciliated protozoa, suborder Tintinnia) are a major component of

microzooplankton (Beers and Stewart, 1967, 1969, 1971; Johansen, 1976) and are

important predators on nanophytoplankton (Blackbourn, 1974; Johansen, 1976;

Heinbokel and Beers, 1979). Spinier (1973) and Heinbokel (1978) found that

tintinnids ingest only particles with diameters less than 42-45% of the tintinnids'

oral lorica diameters. Ciliates, including tintinnids, are assumed to select food

primarily by size (Rassoulzadegan, 1978; Heinbokel and Beers, 1979; Fenchel,

1980). However, differential predation by some tintinnids on similar-sized particles

has been observed (Spittler, 1973; Blackbourn, 1974; Johansen, 1976;

Heinbokel, 1978).

Tintinnids in the genus Favella are often associated with dinoflagellate blooms.

In the Bay of Fundy, Favella sp. prey on the dinoflagellate Gonyaulax tamarensis

(= Gonyaulax excavata of some authors) and coincide in abundance with dino-

flagellates (Needier, 1949; Prakash, 1963; White, 1979). Blackbourn (1974) ob-

served that F. serrata was usually associated with high dinoflagellate numbers in

British Columbia. We isolated a strain of F. ehrenbergii (Clap, and Lach.) Jorg.

from a bloom of the dinoflagellate Prorocentrum sp. (similar to P. micans) in

Boston Harbor, Massachusetts, and have observed F. ehrenbergii during blooms

of the dinoflagellates Heterocapsa sp. and G. tamarensis in salt ponds on Cape
Cod, Massachusetts. We found that F. ehrenbergii could only be cultured if di-

noflagellates were in the algal food mixture. Gold (1969) similarly observed that

F. campanula could only be cultured if dinoflagellates were in the diet. These

observations suggested to us that Favella may be a specialized predator on dino-
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flagellates or may require certain dinoflagellates in its diet. To test these hypotheses,
we fed F. ehrenbergii on monocultures of various dinoflagellates, on mixtures of
two dinoflagellates, and on mixtures consisting of a dinoflagellate and a member
of another algal group.

MATERIALSANDMETHODS

Culture of phytoplankton

The algal species listed in Table I were used in feeding experiments. All au-

totrophic species were grown in enriched seawater medium f/2 (Guillard, 1975)
except that silicic acid was omitted for non-diatoms and ammonium added for

clones and 6 (medium "h/2," Guillard, 1975). The heterotrophic Crypthecodi-
nium cohnii was grown in medium h/2 with organic enrichment "II C

"
(Guillard,

1960). All cultures were grown on a 14:10 h light-dark cycle under ca. 2.5-10" 2

langley-min"
1

of Cool-White (Sylvania Co.) fluorescent light at 20C, except that

Gonyaulax tamarensis and Cachonina niei were kept at 15C. We fed only log

phase algal cultures. We measured phytoplankton cell size with an occular mi-
crometer.

Isolation and culture of Favella

All glass or plastic utensils were autoclaved filled with distilled water to remove
trace contaminants. The culture medium (SWT) was 1.0 ^M filtered Vineyard
Sound seawater to which 0.01-0.05 ml/1 of the f/2 iron-EDTA trace metal solution

(Guillard, 1975) was added. This was autoclaved in teflon, cooled, and later poured
into appropriate culture vessels. All cultures were kept on a 14:10 h light cycle and
transferred weekly.

Strain BH-FAV of F. ehrenbergii was isolated from a surface water sample
collected in Boston Harbor, Massachusetts on 3 October 1979. The isolated tin-

tinnids initially were grown in wells of a borosilicate glass spot plate containing
0.5 ml of SWT. One to three individuals were placed in each well. Phytoplankton
cells at concentrations ranging from about

10y4nl
to about 10/

/ ml were added.

Twelve non-dinoflagellates, Synechococcus sp., Chroomonas salina, Isochrysis gal-
bana, Pavlova lutheri, Thalassiosira pseudonana, Asterionella glacialis, Olis-

thodiscus luteus, Platymonas sp., Micromonas sp. (pusilla), Nannochloris sp.,

Stichococcus sp., and Dunaliella tertiolecta, and one dinoflagellate, Strain Gymno,
were tried as food. Three replicate tests were made. The spot plates were incubated

in closed, clear plastic containers at 15C or 20C. After 2 days, the tintinnids

had survived and reproduced only in the wells containing Gymno.
The tintinnids that grew in the wells were then transferred to 250 ml polycar-

bonate culture vessels containing 50-100 ml of SWT. Routinely, F. ehrenbergii
were fed a mixture containing 1 X 10

4

cells/ml of Gymno and small amounts of

Chroomonas salina and Isochrysis galbana.

Growth of F. ehrenbergii on algal monocultures

Experiments designed to determine the species and concentrations of dinofla-

gellates that would best support F. ehrenbergii growth in culture were conducted
in culture flasks containing 50 ml of sterilized SWTwith initial concentrations of

algae from 10/ml to 5 X 10
4

/ml. Weadded 25 tintinnids to each of three replicate
flasks for each algal species and concentration and counted the number of tintinnids

in each flask after 4 days.
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TABLE I

Algal species used in feeding experiments

Species Strain

Approximate
Dimensions

(Mm)

Cryptophytes
Chroomonas salina (Wislouch.) Butcher

Unidentified sp.

Unidentified sp.
(

Dinoflagellates
Small Gymnodinium-Vike dinoflagellate

Prorocentrum mariaelebouriae (Parke and

Ballantine) Loeblich III

Crypthecodinium cohnii (Seligo) Chatton in Grasse

Thoracosphaera heimii (Lohm.) Kampt.

Amphidinium hofleri Schiller and Diskus**

Amphidinium carterae Hulburt

Zooxanthella microadriaticum Freudenthal

Cachonina niei Loeblich III

Scrippsiella trochoidea (Stein) Loeblich III

Gonyaulax polyedra F. Stein

Heterocapsa sp.

Gonyaulax tamarensis Lebour

Haptophytes

Hymenomonas carterae (Braarud & Fagerl.)

Braarud

Unidentified sp.

Diatoms
Thalassiosira weissflogii (Grunow) Frywell & Hasle

(ex. T. fluvialis)

Thalassiosira pseudonana (Hurst.) Hasle &
Heimdal

Cyclotella cryptica Reiman, Lewin, & Guillard

Chrysophytes
Olisthodiscus luteus Carter

3C

e

Gymno

Exuv
C. cohnii

A603
A. hoef.

Amphi
T. gigas
C. niei

Peri

GP60e
HT984
GT429

Cocco II

H. H.

Actin

13-1

WT-1-8

Olisth

16

15

6 X 12

5X7
5X7

7 X 14

12 X 18

16 X 17

11-15*

7X15
10 X

7 X
22 X 25

23 X 30

34 6***

16 X 22

32 7***

10 X 10

4 X 10

10 X 15

7X7
11 X 12

7X15

Prasinophytes
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TABLE II

Growth of Favella ehrenbergii on dinoflagellate monocultures at optimal initial algal cell densities.

Mean Favella count SD with calculated Favella density (cells/ml) in parentheses.

Species
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TABLE IV

Algal cell counts in mixtures of dinoflagellates and cryptophytes subject to grazing by Favella.

Upper number is the mean cell count SD. Lower number (in parentheses) is the calculated

number of cells per ml.

No. of

Favella/m\
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TABLE VI

Algal cell counts in mixtures of dinoflagellates and diatoms subject to grazing by Favella. Upper
number is the mean cell count SD. Lower number (in parentheses) is the calculated number of
cells per ml.

No. of

Favella/m\
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TABLE VIII

Algal cell counts in mixtures of dinoflagellates and prasinophytes subject to grazing by Favella.

Upper number is the mean cell count SD. Lower number (in parentheses) is the calculated

number of cells per ml.

No. of

Favella/m\
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TABLE X

Summary of Favella grazing on mixtures of algal species. Data analyzed using R X C tests of

independence {association) using the G statistic (Sokal and Rohlf, 1969). (n.s.
= not significant). Cell

counts in the replicate culture tubes were pooled for this analysis.

Algal Mixture

Level of

Significance

Favella 's

Preference

Dinoflagellates
Strain Gymno & P.

mariaelebouriae

Strain Gymno & C. cohnii

Strain Gymno & T. heimi

Strain Gymno & A. hofleri

Strain Gymno & A. carterae

Strain Gymno & S.

microadriaticum

C. nie & S. troichoidea

G. polyedra & Heterocapsa sp.

G. tamarensis & Heterocapsa

sp.

Dinoflagellates & Cryptophytes
Strain Gymno & C. salina

Strain Gymno & $
Strain Gymno & 6

Dinoflagellates & Haptophytes
Strain Gymno & H. carterae

Strain Gymno & Strain H. H.

Dinoflagellates & Diatoms

Strain Gymno & C. cryptica

Strain Gymno & T. weissflogii

Strain Gymno & T. pseudonana

Dinoflagellates & Chrysophytes
Strain Gymno & O. luteus

Dinoflagellates & Prasinophytes
Strain Gymno & Platymonas

sp.

Strain Gymno & Pyraminonas

sp. (Pyr 1)

Strain Gymno & Pyraminonas

sp- (Pyr 2)

Dinoflagellates & Chlorophytes
Strain Gymno &

Clamydomonas sp.

Strain Gymno & Dunaliella sp.

0.044

2.458

25.796

16.772

23.704

0.334

0.162

11.618

20.720

274.82

42.996

152.848

137.712

33.306

64.866

15.794

29.460

13.298

26.758

14.554

36.410

23.224

29.348

n.s.

n.s.

p < 0.005

p < 0.005

p < 0.005

n.s.

n.s.

p < 0.005

p < 0.005

p < 0.005

p < 0.005

p < 0.005

p < 0.005

p < 0.005

p < 0.005

p < 0.005

p < 0.005

p < 0.005

p < 0.005

p < 0.005

p < 0.005

p < 0.005

p < 0.005

none

none

T. heimii

A. hoefleri

Gymno

none

none

G. polyedra

G. tamarensis

Gymno
Gymno
Gymno

Gymno
Gymno

Gymno
Gymno
Gymno

Gymno

Gymno

Gymno

Gymno

Gymno
Gymno

Thurburg and Sasner, 1973; Taylor et a/., 1974) which Wangersky and Guillard

(1960) suggested are defenses against predation. However, Blackbourn (1974)

found that Favella serrata consumes Amphidinium carterae (presumably the same

strain). The difference between our results and those of Blackbourn presumably

result from differences between F. ehrenbergii and F. serrata or from differences

in culture methods.

Other members of the genus Favella are also associated with dinoflagellates,

but some Favella species are not as specialized as F. ehrenbergii. Though F. serrata
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is usually associated with high dinoflagellate densities, it will eat cryptophytes,

haptophytes, and chlorophytes as well as dinoflagellates (Blackbourn, 1974). F.

campanula consumes Rhodomonas (a cryptophyte) and Platymonas (a prasino-

phyte) although dinoflagellates are a necessary component of its diet (Gold, 1969).

Tintinnids may be more sensitive to changes in the species composition of phy-

toplankton than are many larger zooplankters. Many tintinnid species vary greatly

in abundance over short periods (Hedin, 1975; Gold and Morales, 1975; Johansen,

1976). Their fast generation times (Gold, 1970, 1971) and ability to encyst (Reid
and John, 1978; Paranjape, 1980) may allow many tintinnid species to specialize

on particular taxonomic groups of algae; thus Tintinnopsis subacuta is associated

with euglenoids and Tintinnidium mucicola with cryptophytes (Blackbourn, 1974).

Wehave observed cyst formation in F. ehrenbergii cultures and consider it likely,

though as yet unproved, that this is a method of synchronizing F. ehrenbergii^ life

history with that of its dinoflagellate prey.

In agreement with Blackbourn (1974) we think that predictions of the impact
of tintinnid predation on natural assemblages of phytoplankton cannot be based

solely on a knowledge of the size distribution of phytoplankton. Selective feeding

by tintinnids may greatly affect the population dynamics of particular phytoplank-
ton species.
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